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fl3# rates of sulphur transfer from gas to molten 
iron oxides* silica end t i m  m m  studied on a laboratory 
seals* 'W xp arim m ta  m m  carried out at a constant temperature 
of 1££V°C* constant gas -composition (&&» C0g corresponding to 
10*® atm* oxygen partial pressure and also toy volume}
the only variable wasala? cimspoaltlon* The extent and rates 
of oxidation ©f iron oxide melts were determined in an identical 
app are tun containing the same atmosphere b u t without the sulphur 
dioxide f&s* " ■
fleits .were analysed for sulphur by tbs e embus iloxt 
and evolution methods# - 4 new method, had been developed for 
the determination of ferric Iron in slmga* Modification of 
the m ttm d  had been suggested for sis a containing high sulphur 
m d  ferric iron*
It was found that both the rat© and itgrto of . 
sulphurisatien depended on the state of oxidation of the slag 
and its silica content# the latter being a miry.important factor* 
The results of the work can. be explained fey a u m i n g  that tbs 
diffusion of sulphur through the melt la the rate controlling 
faster end that sulphur can only replace oxygen which Is not 
bonded to silicon* Work on PeO* FeO » SiOg melts showed that 
the ferrous-ferric reaction at tbs slag-gas interface was the 
rat# determining step In sulphur transfer*
The application of the results to steel-making practice 
had also been discussed*
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1 t ln o o  3 c t z l ,  i  *:? ;* ^.a> afsmj t o  £* „ a t ! , ~ eaJ
r p  t l s  r a c p t lc u  ta tv  ay rarms o* a 2cf;r:e&tc typ e  c-t aaaXUt® 
t * <** I t  r o s  i ; r t  15 a c~ t * *-;/., *;*■ 3* . a  t r i m .  I m
■ ■■■■■■' : ■ ' ■ :; -r: : -  •■•■■»•■
t  ,,5  ^ :a  a > J  ti# *, c ,ava! tc  tc#  p  , t z  4!m **-
feft M ip  as: , r X l y  «, X * * &  e# to  t u  o i l  t  m I t  ^  t o  r o s t a *
I1 »  « t o i#  mwmsigmmm$ mm' tw f :. fef '« a n s  . o f ,e p « e t i i l ly  v, ■ • 
m i& l  : tw o
osfe!©r e f  I#®# J a ii w tif#  tn tt© p f# i I n  tfc#  m m % l m  tufe## tlaooo-.aeto© 
as t a l l®  t a r  I t®  a X a tiim  la a t  s a i  nX m  %m .%tm, r l a l t  o f
as* ;X ?v * to t ' i  iv" 11 ic .* t  ^ . v. ,...,: , .... , .
Lj V c t r i < s  x* ».o *13 t »„t\i so «-n :II4 ttoosto
a  ^ i | ^ t t 'a t i t o t r c 4 ; s j ^ n ; 2 »  tosp tsc i1* k m A m  ( m t
'1 ;-. 
Mse««i la , was- ito e « §  t e l t f e a  t lm  w to l la i i  f a te  aa2 t t o  I
^ \ r r a i :  t o  c u  * c t   ^ e tc 3 ex c» ~ * ? : t  J 2 e t o ix X le r *
fto# f^sst fss iitsm  e f  ttit© t i m i i m l l l t o  tiv r^ ioco ia p to  la s  to v c s t i* -
g i'its i. «ml I f  f  ctouXiS i>e ptooe3 a t  j
V i  l& z m  l ia r :  t t o  t o x r o ^ s t o e  e f  to© t o t  so: .3 $ i t  £av®
aa mm%wA§ m  m m  ^&lmm W  m M m l
m m m m m m m . msi a t m  m  I t i t  efca^f o f  - a
la  ;iMa msmmw: tto  mmttVm talaeS wli-Ms.
j j r t e  © f  tts i p » fa to  J © f  t§ S 0 %  t t o  I #  5  in c h
la n g t l i  © f t f t t  m l i w i i t  l is t  is s #  s i n  t t e  fa m ii© #  t o i  r t i i e t o i
t l i i is m l.  © ^ u lX tto te w  m  o f  tM .it a a lts s a  t o t  se n t
us© ie t s iw ln i#  m a s r  m m  m m & m im w iA  m m M iM m B  m£&&- a  #Xo»o$@'
© f i g t o t o l a *  o f  $*** Wins, staeti a  s a s l i is a  rrss t o t o *  too
r i i# ls t l0 a  1#;$, IJsfe'Jie ©
§21 isusante feiaaep# J j t f t  sv^rBigfefc t&  i f f  a t  <8#0» t t e a  fiw sS  a t  
l t ? ' t 0c  t o  fcaoa c ?? %f-.a ox^ix.xQ w . te r - la l  ,ui-i f i n a l l y  ; ' l r a J  *©? 
aLfi-at 13 Leai'a s i  10:, C°C*
.‘.11 ii.o  rsiO-set-a-nr s ^ v r i - a a  t;oc5 I k  t f  ie  rcscorcb . r.-aj-e
iw is in e a  t f  t t o  S!i5i>gaa c i^ s fb ie : ;  o cyc ta *
la  Urn essmm mS t ! a  y m m a i  tfe
fs » a l H a l  t i i i j  e a s tfto 't lc fc » » ip  waa I s a a s a a t l  b f  t t o  s t s t a  .o f 
the  e s i i a l i a i  o f  m lv a  e a s la la ia g  f s e ,  .Cw?s* l i  i -n3 Coci?cJ
to  s ta a #  t h is  fv m m m  »  “ m r i t t  e ia #  aaao iieo ; e s ia y a te l f * ua ia g  
so  CO.,,, l*e «  t©  faesstips t t e  ra te s  o f  esygsa p i t t o - e j ,  asa to  f in d  
» t'« tl» |p  tM a  H»ta o f  m M s t i m  ta fltK S fioas sailplsar t r .
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Aootfcer appsiratss was* oosalrsetea sjJMisj* la a«slfa
ts tbs cxia fiaeoirt&ea la aatalis: os tla fwwijsia P&Q&3* i-ost 
of tie Bysteaii coataialns fso* iawsrligstea is -tbs: ealptsylssatios 
t m m m $  m v s  Btw3i©i - for. iim ejeyisa j»iels-ap .fyoa gasea to tfsa 
mite, aft* 6fs*Bf>ataa;la ttxwa ia fist.# It* y; r:s -;a tmia 
cooalstal of . fsws flcwaatera t t m  tt* €© ©ea Co^ fusee* - flir 
i jg a  o f  Iwrt-ri-at'c-M  t - c .a iro l lf  s* v-'a tir-cJ* -
e } ■; . "  a , ,  a ,  a a a a a -., „:: am
: a aaa . a M a : , : a "  j  ' - a a k ; ; : ® ,
■~to ..y.:rS m m . - . . . ^ ^ ^ ^ . - , iatootitorjofross, ; .
|?‘|/XJIaI felitoi f3y;^CIZ2l.<S'0Ilf 10*111^7.;®
Mwif. mit«t m^ nrnm in winm% n -TtM.-mWmM
t-!3s to emitoto foil into a mmm wimm mil i# tol& tin- siii 
la mmh t& tmrnm sa 1 if tie ®ap iia fomlbl-©* ttoi
esSgw af > wltli.flstlisaa irij?©# Itisi-
pIiiMmm flstt was attoa ast*
■:., , in ref* II- was ,
m$ nmmWlm: mtmy%^  tin attach of
iron c#:ll0 iMvtooiiM tM eaoclblto tolttto* ft cliir/a l- 
tMt-.tieii# mt of  ^ of
totiiia waoiUeo was tarra-tof# » toto of itoto ca Milts 
Is so Mrlj tfcas a omIM to m s? tolttoi «;^a ,v
la too I M e j :7  - . . . .. . .
£ . t i l  M t i a J S I f l M i l *  A.A AAA, - A ; ; : :  AA,: i.AA A .A  .A
it- -v-a .;: QvmM. JifffigiAty was. rnxpmimm^ to iroi%la§,,willi ; ^
I«3pa^a.ti3ats# .AttfH^tO S€lt? 
rtoo U7 KM ton o 07 oaa i*c*i of ioifiisi toil in a
tloto tittor: es/Mii two rtoto^o* tot t!;is nwmltzi la
yrittla. Motto# sfppoitoii to tfits proilm a t f  Itti
i##a| «iMist#5; s;r pinolnf tto tot-fiftof
fe ll c?fe# 'iitolooft of ■ lii'isMeti :B,r'^ M%%m:
o- 0 nito* M :irm r$3 fittest' wifti a Imatlo to'm%]m  a:pmiMn$ 
t o / t o o  w-o lo o t  t o  t e t o t o to  r i t h  to o  o m M t o  b lo c !: K t o t o t o  
lx/ n.toa of s tmm% tss^c!i» , * tilgti ifitipoitosi?© woo stototoxf
► jrt.v'V*
fer ten mtoated .<rea .ho*}*; ms IIm®. &x&#t«a or  ^*
i m t  t o t  t o r c t o * t i e  t o l l  to  t C 1 I I  2 o  v e  t t  z l®  t o  t 'o co ica *
it# wm&snm ,&£ llis^  #f#fi|jp# ns:& slfi?ibiil#i t@ te#fiag; i:to 
rtoie i wtotorr rto tot* "to tolito or,;# * ere * ctoto tor 
mto^SVitows to eoeoro ttofe tto/ etoiP JLcXI "to resits 
C i IS3C°C« ■ - : ' ; : ; .:■ .
iil) V - - ,  .; ;:': : : .' j) ,:; :.,:/
m e  hoo t m s  i;e e j t o  i t o r o to & i tc :t eg* c te a  t o  w i t s  
-.1* nn « # te n ^ r.
eoag3Ur;f ih e fith * “ c » to « i i  .«@u*-, © atti® #t® i to  ft s o f t  S im  p ic t© &  t i f  ‘ 
j i r » S l t t i f :m M tli^ -w ss tm sM  m tw  s a f t f t f t ie to r f#  - .M to s s to  * m  
e-wrol tto olo ptoeo oC iron to svoto rutotoi to tie 
o o rro iil¥ tf-a tll« m -'© f- t t e ' t f is n i i im tu r s  t n r to  t o  r a s i l l e r y  or 
clcet?&‘j6i£r.et wos nosd ©a a or tatroSacta-j t-ho toot -
:.A : ^ s i l  : at«® iiia. f tra tiM ® - «aa ©at .a t  ft 
fO i i t« ta a s  gr&cltflc*-.. ffci.a m s  t l t t t #
<& i. ttofttto ot--ttit :tli»ili» ee«in®#sl to
x t r t  x w n  t  t o  to  to  to  toy* ov?r&i t o  e t ^ f *C#
«i iIrei to 1®§% -for'-If .issarit*- ■ -torotol. .to,vv- 
rltotor? retl t;na r-t in tin boot to prevent tto tXrrtxsx ton 
C'jut o t o t o l a i  t o  t o  o i£ £  * w  e w v . t t o
3# - t o t o t o #  t o w
■^■'Vv, Ttmfmmm mm toscmbt . t o  Wmstmsm^^9 of SSSo^ tv; 
.with Bltrofoa fm.: t§ mimMmm. \ Ataat
1*3 h* et oanloa couttorto la ttotlron c? toil t o *  cr,ioitlco
©era ewV la wist o r  tta #si^ riisii:ii:ts tbs sing was tatrtocto
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mm'tAo ij % M  -M m-m& 'U;-?
G6/CQ^ *» 5  6b3 Ite li. t lis r t t m  M  f i x  H o
'in it ia l ^ K i t# is l '  © f  t i n  a l l t e a t #  m & ltm -\/ f fcs f a r m e r
ro e?a tta  t: ir- u l « M iifr fc n  In Uout 13 wtoiiws* *«t; xr -;, ;f 
Intnrf©!®. t%m : was. sm# : a V ■ /v , .
was mism>tm§ .wltlitu §mtm %h& 
c:Spsi?i5»nt*'' ® &»§ ccs^' fltaittaa# «rtrt aijniitii .
to tiat rsipStwi lm®l® mhm sa§«s w#yt pissini $® ffiiertirf 
tra ins* iri« mmmtmf wimm. it® §&n fiixtmiNt- wsa "
intact',© a In is  ■ ' ■ . ■"' ■
■ f o r  t m w M  m % m  CXfj w&fr p a s s « l i iv 'c r * ,*e r  t o
tim thi teitlftl fsrrl# Item tmt* AMm  tlit Initial period
of i© iiteilttr ilwMt of tie s^ -orta^ t tma t:ci% etui J Zy 
iiaMng tU* n>3 ratio et/a;^  to J eiai i€^ was item 
IiifepcfneocS* , -t *-a «rjf of tte rea# ifcn istit was wit©,2a,a 
to ite oolitr-part ®f"tlii fama©«* imalr® ito run* tin leiraia 
o f  t t i i r  s i.0 f? :ja tcra  rs r©  t e f f  § ® s i t e l»  ■ f t e  t in ©  r iw o n  f a r
of *1-2 Buifwt® id' lilimtiss# fiat fps rtxiw# was item 
tureai to wmsto tin mas rf itst I ©t ttit fir*-*
wan flmnaj witl* uitroipii for id fiiiiit#!#
fte  .ting was ra w tlfto i itn i' r# iia irti f r e t  ttas ©rmitSfelo 
L^r f - a f l j r  tv V fln w  i i a  t e l  tern o f  tea c s n te lt la  a i t e  an amtla- 
}®tele* fa  Ifcis w g y  a ll'll©  slag was rtaaTOraf# : tea glant^ 
clog wwa than crashed* tea teteitls was Itet ia 4— I M 
oaasaalrat®3 i a  t© fen eltain#'tlK»p:igM y fcaforo c^* t t r
f * i  i*  o f t tM  'mtt wm um& tm  ai-mltsls tm  m&ph&p '{fey # a 
r c te r c t lc a  as! rvh lo te cm  n te ®  ru 3 t e r r l c  if fu r *  ■
; : ' ' S ls lls r  liip a rte e ittl.• p ^ o s iw i wm m io fte i tm'Hm 
mtmw ^  my§m twmmim frm  fan lo te s lte t C iiiiltiiiii POp t&m 
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fli© , ia s l t ia g - f f t iB ls  e f . th9 e a t f c a a l s i l - . g  ■ ■ 1
fee© %i» p te s *  a is fs a s a  coss|!|lea \;b f B a l i  uaa Joe lsyC ia??* .■■.•.,■
ftogwista «®lfcss at J S S C - f c # - - eg - . ; . . I
■’ - : ; .&. aass*»i» s M g  .« »  p e tfa e a # . t m : Gao *• 8 to 3C%g t » l«  S
Ly a a i t ia a  l t o «  » » !* ? « #  t p m  Aaalm? e a te io a  esebeeata w i l l i  ■ Ij
m m .i grsi®®*. wash#! t p a r lg  la. a t ia f t ls a s i © ra s lb ls . a t  iSSCfte* |j
T ls is resalf®.® l a  «  e lsa e  g la s s  * ■ s h ie lita s  t t o u  eevfilsa  a a l 
said,p»iS C 35*K f CeO n o t !# » lg  f i io , , ) *  'T fc ls  s la g  m o  m a i  t m . th e  j
awl; f  * r l : :  t t t o a  c s ^ a r - i 'r a t . '« r t  ~r.a a o t gee I l l s  'o  i . C j r a s te r  j!
s la g s  o f  f j i t a l t a  c o a ro s it lc s ia  -for* oitear agate  ic , T to  cjstteoJ • I
a le p te i was f #  s i x  t la t  *pp*o |a ‘ ln ta  w g igb tn  o f  e a iia a  fe e  oaeh il
m m , . I M s  gags g a ils fttg tc s g r e ie ra its *  ssS was 8*fe#tsti llaSKiijho i t  -J
f t la  wc®!*
C a le te  g a ia e  m m  ptepaeoa teg ip i fM iv ?  M a la r  e a ig iisa  
« e te o r is is  s i  M e # te  f a r  4 ton g s* in  a to rg >  t i l l u a  a i t ls  p lr .s - j j 
t»  n  a a ia « *  ■ i t  was im p t  t o  *  l« « s le a te g *  ©a sooa m  I t  »a® :j
e ; c l t o ,  to  c.li..’ i , ,a ts  ra y  toooegUc-a e f  e i i e r  gata.L?* Vhers 
®S9 m  i e s w e l a t l f i a  ei* c a r te s  i l s x i a *  » ! * »  a s « 3 t l«  o# :
Cao was l is s o l t a #  ia . B01* ■ ... '
f  M if f i ! *  f t®  R3:tta*al p«*© « s « r f»  g g ys ta l©  «?e®t sra&fesS 
to  «420 aas li* m s t M  w i th  agaa re g ia 'a ia i w a te r*  m&  SetoS a t  j
' ■ ■ ■ i
i t o ° c .
‘  t h i s  w a  'p ra fa rs i f re w  Asslty* is m ,i s  calplwsta
by treatl-ag a t  ltoG ® C *■ ^ a ih  M r  I f  a t V f i . f  1 i t e  i t o
a o a lp s is  fe e  ir o a  C 130| v«  - - m  f l a  e g .
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x^3 li’oa z iz - l  tu v. 3 r t ' r 0 :^r^rv^;j3 cr*3
te a it i n t Jtc* a% la  isftf hI I i*©ipb* e!w l«iat sasl^ala
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B p ^ t t  (X$3) tfos? t l - &  o f  to  m t & l  *$z\$ a J c ^ tc i
f t p  l l i f t  m i .Mm
i l ia ,  .s la ts #  -  ; f l » :i t f f s » t m « « t * ;r 
of m  <y?stoti©a n©c& mto'f a ttato et3-to?
t*rf^tfs§ & ■ , tsf* titt ;©? wliltfe, ssrrti#. - «t it
iJtot tc* x ; 1 tla oilr^? fri ra ta taiet f~i*
§ H § f  I t : « # ! # #  t • f I l f  m t t e i  « # t l t e - :  t t « ® i : ' « » ■  s t  i f l i s h e i
t#:n tttsir:: . » v:» -in; ;M m  :m m m % ;ft;- ^ H 4 ■ 
r ^ c s r  t a t t l s t  g v w  la to  t ! o  a fc o o i t i i ta  f tn s l:#  H r* - - 
«?p rx^ t3S  trss  eora^Xotslir £ f  f l a t s *  f o t  h  r a i f e p
«:xrctica t&ttfvoa tha g m  teisV&rt tfcs ftltrogm criirJer*
■ -t fMv-ittfl^ 'ttl #f tfef Utli l|St# t#
3XC3olvo *J&  o c a rto  £c£3i;2;H cri i - t t  p s te n i o f  fclo c d s f 
aed. italol fTta 111 to tyfrco*l£rio £0i&*
ifcfif 4aO>a
C C 'S O ^lt^  t 7  t i i t t a r ^ n t  c l#  to  js m C ,:* 'a,cj to  I t  a e o f im  ‘
itgn fifetotliii .fsiaantm
{C*Cl u}f to i’7 fUl'Ole-O.lp TtyfltO^lCS ;.
:O E iiis ta  f t e
axtpMc^ to uxl^!Ata #&i. tion tio ® M m m  w m  § m ^ m ^ m §  
h j  ootlxi thlooalTlotnCC*c:i t) in
tlii' ignal mmmm*
m *
tiar fsestaifs ef tfes eirelirSlsis wem n 3 1 m m 3
m  em l m pem 4mmemimm fu'Site®' m ssimm « f Rtir©is% ®a3 
t ' f f  t r l ' n l ' r , *  j r - a  ~ ; r  n i  r *  to -„<2.3r it. % t--r a  -*-*tv ;S r-:3
fey tim laSiS® tmV3mSr m §ismV»6* fat* «msgl«f toy ecnrini 
:« a  Eay :f‘UtoJ-* Cs tfc# adsltUeo ©£ fet«s«lsjs a ll
ttoy t?*y >1 •,.* ir f-.‘5^ pr? -•« tf-5 ic^:r' lit --*''*1 is
tjw -t-l vfitto C'j’ i'- i *,toi'*r.‘2rb'tr» ffcis is  s&e*
at m m  test ettn ft© se»«l®pat«tf fey tiestlas* Se
tlmi m  teite» mm leet m  iwsilfag* ift® tsfitsa wfeieto irss 
litostatea e a  MfisSio® ftos» a  f«w atertag at rrcn t.•’rrp-r'r? Soil's* 
t o o  f i r s t  t i t r s t r f l  t r „ l  i t  ’-g  a t®  e r io t S r  ,t v ' - :  — r t l y  t . - G t e l  
Ml Cr~^ Q to consists tte rosstlm* fa m a ti BtmosghmA® 
cslSatica ef tfeoi ferrous lraa darisf fcratsa.-** eottosa 
bicavb&vHn van aJjai to Jirylaos th? elr* in U.s £%&£z toy 
©atbott ile s lis *
'>3  t 2;* 4*> £,r.l trira lss i ire® ras
fittawJsftt lees* tlsaa t M  « » t»i» m  m  a  wsosit # f  tt» w a s #  
firs tefswra i!sa fs-iy.-trr.t frca kx3 lyEac-ft z u l - ' . l ' a  Sartof : 
tl® «steltia of i t s  sl«f is§ lt» a©!#* W m m m $ t M  
§ i f f w w i i t  bstesses ili# total siAjlmj* eoatssi of tte «SS.§s
toy oitorr as^ao -.rto tyto 'erivta fr./a f o  
eteltitlea swttesim® maea t a  w a r n  an sppropplsta s m m m l i m  
I© t!/> mUinto of Ca ie-i'toto .;to t r c *
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mWsM i  i f  ftaslims tsi
SlafesMsofi CI3U msMf 0»feo» f lo i i i#  &$■ Wm mMiwMn §m 
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isaMX# .. Wwtm W m ip mmwrnmms^m W » f  # a ie a i» i t i
nr.
H;e;nt i*s* £4 iinecn^ otronp orMonca for* lha ' <
existence of oonplcn silicnfe onimn {Xff^  *07}| thro conoioi 
cf „i ~ o — tl rlsm ml pc/tpmtdssl rl;;ro# cirxr itn *rid 11® 
ca,; ooltien mrloa# THcnAlty itiecnnncnta l^ i^ o tam carried 
o n i Ly f o c k r is  cm l lo r/a  {1 5 ^ } on i t n i i T  © IX Ic o ts c *  isk itix  fc v e  
ylelfwi valaoo for tin tnorcy of noiivntloa of viscous Hot# 
i n  th m a  ? ;a Ito * V inan i . o i l ' r o  I n t e r ; r o le l  t h o i r  ro ita lics  05 
I& i  te a t in s  t i n  p r m v x : ;  o f  u io e e o tn  cntoiso o f  & p o r t  le a l  ;sr 
©i&a ct my flvea ctx:ccntrailc-:a« fine* they eryie^ tel that' - 
H c n ia  t i t l o x i  :© c o n ta in  la rp ** cMono# c o r -o r : l 
111 ofa',-0* A t th e  o H liO w llic a to  eanposJUlaa £% I s  
Vent rim? Ions of lie foner%tn {€lr os* {fiqOw’^  ora^ 4*.^? M £^w-
p re oe o t* t i o l  a t  ties o p p o s it io n  tij®  ic n e  to rn  r i i g a  ,!
o f  ibi fcrnuln (f.lvO(Jv^ of (C i* iQ *^}'*~  * Ho o irt4 1 sM s datar  9 # i f
ca vtsooun H o t  in  l iq u id  © illc o ts a  m i  o the r rm acirem irtn  c n  
ilm pljyalcsl proportion of tbs£ n *• Its  tea hocn espialred 
differently fcy Eiebmdoon {Iff?}# %lio postttlstoo I ho ©slotcncs -. 
o f  t i l  e p x l l lb r i t e i  d is t r ib u t io n  o f  c l l l c a t a  groups tckt c fto rt 
clalnn in tto noli# tfca proportion of ooch o^pen-Slrri upon 
ien p e rx ifco  r e f  e e v c H t le s *  f  iche rtscn  c tre e o to  t i n t  the 
onefAicO oD eoris to I r ; l i ! i  the m e n tio n  o f  t i n  t p c ^
" H J ' - /* *  « f l i t 11*" + f l f t p  J * '"•2*7 ■. ** %^ l 4  ■ v T l '
ora iiC'ioily crell* this tlnory of otrcoturo to
c c c to  H PoXy cI uoj re o m t I n f r a r e d  n tc o rp t io n  ( 1 & )  arxi o th e r
iveth on rhorp.ta:ca {Vl^lCz) If a iniicntnl that ll'pill
plioophatec oantato m olmitir' of iulm
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Mm ressifeX# of Pnt-oh^x* Transfer '1
? ■:; ^  b ib b  $ - I;;
::-:rnr.r- a%Mo* fo^ Matieirof^ thA\pmmn%brat#-theory-m ]!:
:w ^ p m m h » rh & w m ^ 0  toa^o&lyt^ tr? |:;
pacently barn r**'lied-to &$tftllu?g£&&£ .IM- f
cjfegr^Xis of fcb»-uppXisfctlon-'of cft*rf&e&I*'kib#ii6® t0-:"m«t«llwgieal:.|:J
p r o b l e m  lirtM fe«lhti© itriietism' ]
XT#r-e* it Is issumed that t c r#a@tioi iron ami oarbon
-Hi b j  kifi#tJL#s* 1
taltlcXa*** of such @a approach san bt »  ^arlssd as follows t:**?' •■;
■b ';b ChemioaX’ factions at IX ~n - temperatures usmi.lly^;' r;;i ,-:■
orooooi «.t %fmiit rat@» therefor®, in these eas*®-oi^mlo'aX .■ •
kt i^loa ar® not rats dater^ ir.iri#
^ ®f‘.'frecuont unsuccessful ooliiaon® tmr p*
£# h®^:;'T ili4 l; ':'iRt M g h r t ^ T W  a tn re s  *x.c*$?fc# po ftS lS ly^
cases* ;“e t& llu rp ie a X  a j s t ^ s  e ra  i,o t noXoculai* i n  n a tu re (1 /5 J#  !
ffsitFg^reasiioii rate theory on f M  actii?&t#d state 
theory wet proposed by  J!# Fyrirg and bis co-workers* X a  this 
theory#" t h ® % ®  titrated cc-£plcj$ hr.® -been’postulatedft h a t 'it 1 *-s 
a ‘r m j  ’ a f te r !  - l i f e *  I t  c a n t#  shown t im t  I ts . - 'ra t#  ©£.&©« cr*po i * - ; : 
tloii 'is a lalfifiil filf, Ef/k!i '^ero^l'ii-tl^^gas^canstant, -;l:> 
f  ri s ' t f c ® t e m p e r a t u r e *  3 is-Ate * £ r a  nur&er s^eTh is -’ 
flaaclr constant* This-r‘ia'r leirpendent af'tts# nature "Of-the 
particular ©n ©f-the particulari:a®timtai esnpl«* -This
theory it - m m $ s in* cocsidoratX#" atftntioa :h y f;»ietEiXiiisgIets*■ :" 
but '-accoriirg-' to^CaFlcea "{153)': this 'has "4 lliiitei-MppXicEtioa';S -V:- '■
in xnetallurp ie&l reaeereh especially at high temperature*
in many ujM tm m 0 *or all reaction rate is controlled
by transport phenomena and not by, t lw  activated complex at tfc* 
reaction site# $veh transport controlled, inactions era., ©on** 
sldored by.&«rkett in terms or local equilibrium* .^ aklsg.,tfee,,.;; 
assumption that any small volume clement of .the system* whether 
homogeneous or heterogenous m y  bo considered,as being. > 
substantially in true aqullibrira with Itself m vm during ,ths 
course . of rapid reaction# This concept was Sw ' ©a ted by Hoyss 
and Whitney Cl€4> and by Xerast {165) and recoiled sons Iteration I 
by Weiner* T te brood evidence in support of _ this concept 
Is that the mors intimately and twrhulemtly slag m d  metal ere- 
mixed together* this more rapidly do the relations proceed {163)# ;
Art ox ends may bo given in t ho l&dle desulphurization of iron# 
where slag and metal sxr# violently mixed, the reactions proceed 
almost to completion in a matter of seconds#
between diffusions! and chemical rat# co fcrol at the alag^netal- •. j
Interface* diffusions! control la usually msxmvA  to bm ©nr^ntlv# i; 
{XfS}* Until recently it 1^,1 always bean assisted that chemical i 
processes wore sufficiently * «»pld to cause no rata limitation* . 
but recant observations of 3 and 31 transfer from ratal, to slug 
have been also explained satIM *cfcortly by * ard at al ■ {136)# ,
K# concluded from activation er 'r lea- of transfer trmt comical 
control was the rat# determining step and trea'veyes of chemical 
bonds are# the^foro* t assumed# _ Chemical rat®. control. was
im? iVg >  ^ v>v ■: ;> V - * ' ■-■ ?■ - ■'■■'■ "■ "
A lth o u g h  i t  i s  d i f f i c u l t  to differentiate cone
' t o r  s l i^ t / n e ts !  m m t ic  a I n  t  a  © f Chary 
CoMima - {1 5 }* f o l *  * '  & i {4 1J* f r a ^ ia % n i ;S M tr ta m a ii^ t4 t} f  : }
SkaXa and T ra v la  • <5 t) and F u lto n  and C liip is n  -{M J«  ; i
- (b )  • 'a t* *  £-d T ^ ie - t  o f  ye l/pbm  T rm rs fe r*  - * !
Th% rftp la a e x a n t o f  c s y f e y  s u lp h u r i.n" t M  M i l s  . 1
a tn d le d  in  tha  p ra a in t  Mark ea-i b# re p re se n te d  b y  the fo l lo w in g  
c e la t io n  {123} 1 • * - ‘ ~ - - * ' - ' - ;
(3 ) *  1 %  £5 ) » {3 ) * ' i h 0 '£ g }*  -
:•■ . T~. i-. .- ,. '..- .*■■.... '.’■. . ' .............■. ■»■ ■".■.■; . ._  ^ ■' -’■ ';j
o r  i r h  te rn s  o f  io n ic  c o n s t itu e n ts  {113} l  " ‘ ' J
' m m  * ' <## «*
' " '. " ' { o  } Is  : 1 / v § 0 ~"v ...... ■...........   "  1
;.. ' y ,,. m  ' ;  „ _ ... ._, , &  ., _. „. ... . ■?
I t  i s  acstinod th a t  th© a c t i v i t y  o f  eyyyen In  th© m e lt I s  u©fc ! 
s u b s t i r 1 t a l ly  a lte re d  b y  t h is  s u b s t i tu t io n  o f  oxygen by  s u lp h u r j 
|1C 5}# ' * ' r  ' ’ J
I t  i s  e v ld a u t th a t  tb s  d i s t r i b u t i o n  o f  s u lp h u r beU?«*n i' :i
■ . - ■ - ■  , f
stlgy fend £as depends’ upon ©xy£«n p rs & a ttr ts . ^ha a k rts & tt irs l
fa c to r s  w h ich  account f o r  th »  amount o f  s u lp h u r s o lu b le  I n  th@ I
. : ,. ... u -, ' ' v . . . , ‘ • ' |
• la g  wuat a ls o  h® ao l#  to  e x p la in  th$* r a t e s 'a t  w h ich  oxy&en i
!
and s u lp h u r e n te r  and leave  th e  slay, f r c r t  tb s  fa s  phase* The | 
la c k  o f  d5r***fc I n f o r m ix  on on t t a  l i q u id  s t ru c tu re  o f  n i l ic s b a s  
is  a severs lia r  d ie  ep to  e r r  u r d c r s ia h i i r p  th n  ldUi@tic b e ha v io u r )
' ■ ■ . ■ ■ ■ . - . :  ........... -^.- ■ |j
o f  the  s la y s  { XXd} * Xlv> p ic tu re  Is  f u r t r - r  com pile  a i d  b y  th e  ■;! 
p re s r i co o f  w h ich  own g e t e i th e r  r»  a ra th e r  I: fc r r re r  t r  J
as "a ne tw ork  n o I X f l t r *  J ■ ‘ -. _.  ^ ]
the  s u lp h u r has to  fc*. f  ^ c rb e i# I t  truo t be E ispy lied  | 
to  ih #  in t^ r fa c a  b y  c o n v re t lo n  a*“ 1 * i f  fu s io n *  ‘ TIm re a c t io n  h J 
p ro du c ts  w e t  novo &K&y t i 0:% the  y c s /s la y  In te r fc e a  b y  s l iu i l& r '' 
r*na ;u . A t the, in ts r f o c 0 # ms hav® fo l lo w in g  s te p i i©  ‘ 
« o n t id © r i*  ■ .
piffo&lroa of 3^. • through .tbs ssclt# .; ' W  t-*,.-,,,^
f$ :
C* riffpsfon of Q**m from tLo &clt to fcfeit gssecus :i
" # ~ ;|
:i
3* Chrxlejil reaction otp the Interface# I.e* oxidation • ;j
2+ ■ ' $ *  .■ . .,.■ - ■ ■ - I ' - " ’ " ’ ^  . ~
* c of f# to To • , -  ^ -* ;
rnfortyr&tsly* little is kBmm ^ m x % , ^ h m i^ € k ^ ^ t l& m  at,,tbs 
|ntfrfao#rarCtI;^ cath^mticidU analysis of: suck'a; spate n if 
extremely,difficult#% A t present# attempts i® c&lottl&to tha, 
contribution c£ c >**:& richer I sn whether diffusion or o ter If si ;
&ra rercly speculative# siml# *i®&ai is little understood • 
an! far frcn being si pie to st-uJj CXC3)* it least# for tlsa 
present# tb& author bsll&veg that only a <;nalitstiVG> picture. ? 
of klretlc processes. of g,m ~ slag reactions can ba ?lv$a« j
* ■ ~ ' i
this In  due-,M. the scanty X&bcr&tcry data regarding fas _** slug. . 
studies* -:, - ..■-■ -
■; flm. result r  of;?- ilia present work: show oltarlf tfeat 
th@ jrd£hAr tbs ferrous oxide-In sl*c# tbs Maiwr ttrratts j
of sulphur i&eorptlcr froa* the osseous phase# ■ It ifptifi itii 
tbe chemical reaction at the |>f ** slog interface is an Important-: 
step in spstans containing fsrrova oxide# Hit ratio of. sulphur!** j 
nation of * tO# fl£#C# p#k£# VsO * 313^(44 role J :SiCv*| *-‘i&#7t I
*.......................... -., ... ,.■  * ... . -■ - <W ’.. - .__... _. ,. ■« .... ■ ;
p*2$ and FcO ~ SitH (2£ «?®le £ &10g) are £3*eatly affected bp . 3
oxidation (see fin*3# p*S3* fiS*-# P*?4}# In thets syste-3# j
■....... - - . -. ■ *>,# ;
therefore * the rat© determining step la ti;<* nidation of f© to i
3+ ' ' 'fm - which 1$ very much sicker ■ than sulphurls&tlon* la steel**
. . . . .  . .... ... ., ... ,  .,. V , li
nakiwi practice it la observed that tho ferrous * ferric rceotioa!
is «p£o^ (*5)#--tiiis can ©xplsdmd bp %hm tm %  that the alcga
used are too cong&ex, to justify thin observation* It is toewa 
h o w e ve r#  t h a t  ferric• f e r r o u s  e xch a n g e  i s  c o m p a r a t iv e ly  s lo ?  e r  <j; 
step in the process of oxygon, transfer iron slag to r;#tal than 
thn oxygen trersfer from ras to slug (155)* i4h@ pre&e t work# 
ti>refor^# has shown that this oxidation of Ft*" to Fs '&% the 
inter free in th» ayster, 3 ronttored is the rate limiting step 
i n  a t& p h u r  t r a n s f e r  and# t h e r e fo r e #  tp e  r e a c t i o n  i s  c o n t r o l ! * -  1 
by chemical kinetics# fha chemical absorption of 0** by.tbs 
slag to form oxygen lent can fee represented by the following 
©<3>wti©iii»
•• • -r- • vg£j» '■'••©©' a x -g ;j ■ .--.p.' . ;g n-: ' ^  g - T--'; -;'. •-. j' .1 k . ' ^ '  ' ':-’•■
^  ( d  j  •  B # *
this requires some compensating re a c tio n  to render the overall 
solution reaction electrically neutral# *his is m x w l t j  
considered to’bs the oxidation'of ■ferrous' to 'ferric Iron &b the 
interface ' c ■ '
2 7e‘+ » S OP#***) + f, 
so :'ihe "overall re ©e ticn
■:. .; , *  . C't S’*
" “ T'' t g  * 2 s?e 3 « (:j 3 ♦'cfi-e" J
resulting in a local increase in fcrrdo iron concentration &t 
the upp«*r surface of the slag# In the cpen*»kearth procsss# 
turbulent diffusion provides a r a p id  mchani&a f o r  transfer 
of ions fron gss/slag to s log /m tsC L interface where electrons 
mm transferred back frees the oxygen ion to the ferric Iron
* i p i  *2**  S1#* r—  ^ '
S i*3© } ♦ (0 ) »  2(£*e ) * .  [g©3* ■
The reason why melt a have low sulphur capacities. 
when they contain kirk ferric Iro n  c n  bo explained by iv@ 
followingi
1* T h e  oxygen atoms attached to ferric iron are 
hot'"'available for sulphur substitution# . It is known that 
is & tworlr-f©mtrrand a modifier# therefore# oxygen is attach*
. . .
-a ’ g. •• • fe2V .- " -g- .' . , i - ' - r  .-. - •. - -. ..- .- -• -~- ..- : - • •-. ■ ’ - -
#u to  W© '■■* i s i i b f  ^ a ^  %mj m  ’ oxygen Is  a tta ch n i.'' to  . s i l i c o n (134)* 
2. Persic lion has a creator r-ttrsetlor* for oxygen* ‘7‘ : 
thair ferrousiron "arid# for## reduce# %hm Is as laity of the
slags aai conssq^ tly lowerstbs sulphide capacity; n-- — — -
- - 3. At the in ter face# ferrl© iron probably oxidises *
tb#-1 uiptmr triFtfc# ■ is^inging gas to^tmlphur "iloxida -
^ . , . . . „  h , . , - . 2 *  z+ 2~ . - , : - ■ ,~ —-  r t: ** '•*--•••••'•• *■-• & *  Co « -#> ^ *e *
a a t-i :- g g; 4g: f ^  comical" tquilihrium ;ooas t a^t; fo r " IM'"' J
re a c t io n  ” - ' ‘
-  r3 :i '" ? t " &e$Y  + U l  r :;?*; w 'i# =:;'3- i:' - * ‘
wm- fm&rsit to decrease with Increasing flifj*
-In this tork#;Ii was fmmd-that the■ solubility of
sulphur- in emXcim silicates and ternary systems studied
depended largely on the silica content: those which are high
i n  silica bava much lower aulphich capacities {m ® fig.2 1#p. 1 0 3}
than thos# which contain r>® silica, further# tbs rata at
which sulphur Is transferred from the pas to the «la$ sis®
varies with the silica content of the slag# In these systems#
it is likely that sulphur diffusion Is the rate controlling
step. This step is slower than the diffusion of oxygen frets
slag to the gaseous phase# this is duo to the fact that sulphide
*>**•
Ion has a larger radius (1*841) than C*'' (1*41)*
Slow diffusion rates of sulphur through silicate 
slags have "been observed by Xtarg# at al (1^0 ), who found, that
ni 1600 C the diffusion eoeffiolenb ©f sulphur in CaO*S10^»' .
:* ^ t %  *l£&* ©f %hM order of 1 0 ^  f M $  is shout
vi/iOth the &lffusion ©©effXeloni of sulphur in 0ai%©n^s#ttirat@d 
Ir©» list|» Suoh ©low would njspx&is th© obsw»?#4 faults*
■©specially with high silicate staXtiu
Xt is to'b© expected that tho rates''©? sulphuris&tion '
• ©£ iron oxides wiill hs n w y  different trom  thoa# ©£ tiXXant#®* 
■1% has boon ahomt by &&v* \1 ia¥#itigs.tops that %h& iulpM.de 
i©it» present In ionic, molts ar© &£so©i«ted with n©n~*5siw©rk 
©atiomi only and d© sot form part of il» silieata mtworks*
Suah findings are lm accord with the ohsertod r©suits la i M i  
work*. Tbs main m m h m i^ m  from their. m m *k mm gloom*
1# tlehariiioii and Fiaehait .(113) found that tbs sulplmr 
solubility of 0s0 - S £ %  molts doorcases by a facto? ©f S30 as 
the m l m  of 'OaO falls twem i*i(# to 0*iO| therefore#
th®y eoncXuicd. that S dooa not substitute for 0*'' bonded to
two ii '.• & M m * flw f also found that* ms- the- molar fraction ©f
€&0 increased from 0*30 to 0*iD# the ©Mptar solt&illty at 
o
1000 0" increased © tenfold I the 1 m m m @  would have boon m i l j  
twofold if ifen oxygon at srs by sulphur had boon bonded
to one oilieoa (S10. ffoau).only* They eonolu&od t3 *fc S"'#
II**
replaces O associated with cations only*
t* .'According to Emcleus and ' Anderson (170)* the 
eo^ordinatlon niamber ©f a eailcu in m silicate iirusiutre Is 
{governed soltif If t o  relative rcdii of the ©eniral cation 
and the iswroitndlrg onlona* This is the well kmmm Ooldsoteidt 
rolationohip* t n  p r i m i p l » $ thoro is no difforenoo botwoon
tht: kind' - 0; end tfeab-M- ij.tou.
b e c a t i o n s - • • ■ a M  ©xygta* /seordli to Fauling--;tht;-:0a0.;;or 
^g :„m  ' 0 :- femii #lS fur example'^ srs.v, only, each:;©.?..- strength- ©ca-thlrd*
• since the bivalent netg^bhsr ila® ©©-‘©rdlxisMon. hit*#©? €• I t  is* 
there for#*-? convenient*/: although; l«r. a -senso.i erbttr «^ yr.:>'t©.v regard 
Hbl&i Si.--* :0‘ bond as: spproximtdi^ot© .ife#;; str©eg>;h©?*cpol«^,-typ© • 
'^{cwaXsnt) -and: the metal^oxygsn;--bonds - nr©;- intrimicslly;weaker*
■ ^ -/■>•",:■* a? 00 .g». F u l to n  mod ,CMt;r.nn, CIS#.}-§:i tour r t  a t  
-■■imre&sca &be:. activity ©©effiele&b; of ^ iO^r-in.-CaO.^:AlgO^SiOg - • *.■ 
m alts*-- "They deducesi5 th a t:s u lp h u r-  p a r t lE l l y rn e u t r a l is t C a § :
.:tbro ■» h :r#plmcertofc of -th#-',m i d ®  --ions ■ fcyobha - aulpbld&. ions in 
;th@ :"approx im ate ..ra tio  o f  - ©&s,*&©Xs, ©£■$ Ca§ p * r  au lp ta ip ;a tom *
>■;■.'4*;B©iai\-an& 1 (17i)vSfttisfmctciily.. sxplaimd -th©,
. affect of .sulphur'- o n .  swfsee.- tei^sioa-of- Mlsgi.m^thai.catsuisptioa .
- t h a t  io a s -r re p la c s d  o n ly -  o l *  io n s 1-w h ic h  w#r«r a s s o c ia te d  J
:; with tlis--, slllcat#: riscbwcrk*.
: ■ . fisc intcrsetloii,©?. salphid© mod silicate..; to -any* .^ p.v-
appreciable cxts&tvXa ttnllks.ly# ainc© S£~S bonds 
ifctoirSX - § bonis# p Xa.0i$ ;.*,/F©8 y^iiQg slags* ,bhs/s mlplii.de . • =•. f 
"capaeitf v£i'h fuaetiou ef .tht m0lar silica concentration* ..
.= Similar tbriolias1.cms .w@i8© reeeb&d'-.fey Fiaeham andyKl©hards9n(l05)« n
ID * .
(s )  fb «  o f  O x id a tio n .
* ■" ::^ ,^;J>.^ t t "  is found tfc&fc the"eilu^i3^'rsti-:'-i#^ ratf#cWd-little
%j t m" nlmvM-m^ emB sulptraidf etlosr "of %Wr : la  fig *S f#
p .107 i M  flg#£3, p*X00# thfhn & t t p l lm  iaf C:g§ * FaO^'liO^i ■
"44 r©Is T* e*:/FaO « 1 *r.d#' s t a t e !  earlier, tha 3*0 ?® on ■
#»
for % M $  l$'aoV appi^eibW:'‘fb©v':itate ©I ^
i  o b ta in in g  I r o n  oxldoa tsss a w r ire d  la f l t t * n e *  o a -i t e :i si l i ’ ©If—s 
itilpliur pickup f tvn ralta f r «  the ? *9 *<?.** p b m n *  Xu. t h in  
tmi## fipproiii^ t ts ■«. ,*rfci&l e% lllbrluoi Xtalt.to pnXh&T mimn&X.
Im lM M m  **•* Ihm_M,wm%ltm ^ t : Wm:.m m t im «
t h i n  Is £liu*tv*t#& %n t h e  oxidation end
sBlpl^Isati^a^ff. F@o ^ *Iw* m ^ j o  tfc© f^rroas. wftXt; pitita tip 
aulptar im m  M nr try ■-■*?«!©felf*,tc « extant .grugilf■ 1ft # , th*
«©egts of ;tlmt ln: tqtiXlieritta with the: final_ M©lt» *ffcory;lhi3 
Initial .gtisgi*,<,t!sir gtiXplmir.-.confcante .,dropa. :f#ll©tflitn^:tte
ft©2*rtip©stdt^r? to,;# ho «ttiaX : .©Kidatlcm* -
la s  I.* dtd.;•;■ ^ n ru n h m  f ^  I. fo ^n 4   ^th a t,  f  #Q - .  Sitf^:*X*> a ■ .absorbed*. ■
4«f -^ v
sulphur fron th« gtn .iMasa :^wlog =th® :Osrly 
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in molten a lu g * &ay fc® represented %  the following mxpmmima
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content'■ and.this bring® in'the-activity rati©
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f# /rFe » ffec experimental' evidence* on-th» other-hand* '
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34
F* '., plek-tus less salphw from the gaseous phase is doe. to  the
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association of fe ion# with C%| in the same manner m  caleinm
34
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^  ‘ For the slsgs conditions studied}
X) The'decree of eaULdsilear'©f''ths'^ lsg':;and;-itS:"'slllei':'^:- 
content ar# the major 
rat© end extant of sulphur pick-up* "
’"'Both1’"the "rate end'"extent of 
•fiVr'with Inereasl^p si dies-eon tent of the si mi# .
*- 3) '~sih;the rate’T fed extent :;df-;stilpht^^pleh-up''deere&se 
with Increasing ©xidatib»r:ef "tie"s la g * 1 pri:;-^ .x* .
^ 4 } i t " l r ‘likely tbetfdiffusiba^of large---
su lp h id e  Io n  through th e  Silicate n e tw o rk -o f the s la g  
'is the rste^ebiitrolii**** tfcepj*this^wouid'expleln1"the•■: 
oijsirTe^rtsuits mud .that sulptar earn onl^r replse#' 
cafygen which is not
&} " Work on Te0''';'knd "FeO • £l©,f nslti":shows'f that-the? ■--■-•>-■ ! ' .
' f errp«»*»fc? ~lo seaotlcm st the sl&g-gas; interf&e# ■£-
ls the ra t#  'determining s te p - in  sulph* transfer#
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S* Su^eationa £©f* Future Work.
■ la futisre w^rk, special car# itell be exercised 
la designing future kinetic experiments# ■ fhe -following 
su ~cstiezie ahould prove mmtmX la elucidating the ®ee.hanl*m 
@£ $ transfer* ’.'■■'•■ *
1# E&t**' of ewlphur' transfer should be measured at various 
. temperature** . f hm activation enei^iee'evaluated should 
help in deciding whether the reaction Is controlled by 
a true cbfnlcal.MJ^tles"’c^..hyVu transport proeaae ' ■ ■'
:. (convection"end diffusion)*, '- \
g* The off sot study will ill for enfci&te . ,
tmfewa&m e chemical and a transport control process* •'•
$* • ffm  tprperetnre variation close to the interface must not 
ho overlooked* It la often a difficult problem la 
deciding the-.epr*oprlat# tenporatur* to take. as controlling 
chemical reactions# • ■
4* Uom secureto viscosity data of-the systems' studied in ■ 
■this work, are needed* For-the eye tern CaMPeO^SiO^* data 
m m  only evaluated tip -to ^  e*»d for ftCMSiSg slags 
up .t© 14f0°c* . If ft transport-, cc 4**roll#d process i» 
favoured* than tranaport ooaffielanta la sic .arid gas 
depend on viseosity*
Mm Surface'tension studies on f&elfcs.. investigated should 
provide additional structural information* These data . 
art indirectly related to the binding forces between .the ■ 
constituents*
§* The effect of the smtainer should be investigated*
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